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Abstract 
Background – Multiple use trails constitute an increasing share of the traffic infrastructure in municipalities 
and states that seek to encourage alternative transportation by foot and bicycle.  Though it is known that trail 
users can sustain severe traumas, there is little research on the risks associated with multiple use trails and no 
established standards of design or conduct has been implemented to protect the users of these trails.   
Objective – To identify risk and protective factors associated with multiple use trails in terms of individual and 
group level behaviors and trail design features. 
Methods – Crashes and injuries were identified for the Mount Vernon Trail in the George Washington 
Memorial Parkway by contacting local public safety organizations.  Cases were eligible if they crashed or were 
injured along the length of the trail due to trail use from 2006-2010.  Denominator data was collected from in 
the form of per capita trail use from a set of nine infrared counters maintained by the National Park Service 
along the length of the trail.  Demographic data for trail users was collected from the Virginia Department of 
Transportation, the Arlington Country Environmental Services Department and the National Park Service.  Chi-
square tests and t-tests were used to evaluate whether or not differences existed between severely injured 
and non-severely injured cases and between injured and uninjured trail users.  Multivariate analysis was 
conducted using Poisson Regression. 
Results – Severely injured cases have higher percentages of head injuries and fractures (p<0.0001).  Elevated 
risk was found for several geographic risk factors, including: roadway crossings (RR: 3.33 (95% CI: 2.32-4.77)), 
trail intersections (RR: 2.09 (95% CI: 1.13-3.88)) and surface transitions (RR: 3.27 (95% CI: 2.26-4.72)).  Users 
engaged in activities that were not cycling or pedestrian were at an elevated risk of injury (143.59 (31.19-
655.50)). 
Conclusion – Multiple use trail managers should seek to implement injury surveillance systems to help tailor 
their preventative activities, and raise awareness of the potential for injury associated with trail use.  Multiple 
use trail design should seek to avoid features that pose elevated risks to their users.   
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Introduction 
Definition 
Multiple-use trails or multi-use trails are increasingly popular components of transportation 
infrastructure that accommodate different types of non-motorized use1.  They are also known as 
shared-use paths, mutual use trails or diversified trails2.  Users include cyclists, in-line skaters, roller 
skaters, wheelchair users (motorized and non-motorized) and many kinds of pedestrians including: 
walkers, runners, people with strollers and people walking dogs3.  Multiple-use paths in this context of 
this paper’s discussion are always paved and allow for two-way traffic.  Planners and users make use 
of multi-use trails for a variety of purposes within traffic infrastructure.  These can include: connecting 
neighborhoods and cities, recreational opportunities, and providing access to areas that are otherwise 
off-limits to non-motorized traffic4.  The American Association of State Highway and Transportation 
Officials (AASHTO) states that multi-use trails “should be thought of as a complementary system of 
off-road transportation routes for bicyclists and others that serve as a necessary extension to the 
roadway network5.” 
Significance 
Across the nation, there is a movement to extend existing and to construct new multi-use trails.  
Locally, Lower Merion Township has completed the design for the Cynwyd Heritage Trail6.  In 
December of 2010, the Massachusetts Bay Transit Authority announced plans for the creation of two 
new multi-use paths7 and the New York State Department of Transportation is beginning to design a 
multi-use path in Long Island8.  The most telling example of the explosion in multi-use trail popularity, 
however, is the ambitious East Coast Greenway project, which is in the process of connecting Maine to 
Florida with a 3,000 mile long continuous network of multi-use trails9.  It is currently 27% complete10. 
Not only are more trails being developed and built, but more citizens are using these trails both 
for exercise and transportation11.  The League of American Bicyclists reports that the number of 
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Americans commuting by bicycle increased 44% between 2000 and 200912.  Further, in Philadelphia, 
in the same time period, bicycling as a form of commuting more than doubled- bicycle commuting 
increased by 151% in this period13.  Since more and more Americans are travelling along multi-use 
trails and commuting via bicycle and since more of these corridors are being built, the factors 
contributing to non-motorized transportation injuries demand our attention as public health 
professionals.   
Background 
Public Health Interest 
The above data indicate that non-motorized transportation infrastructure is growing and that its 
use is increasing, but this does not necessarily imply that there is an associated public health problem.  
Are there indications that injuries are occurring along these corridors and that these are systematic 
injuries that threaten the population?   
It is known that both ambulating and cycling are more dangerous per mile travelled than 
driving; pedestrians are 23 times more likely and cyclists are 12 times more likely to be killed than 
motorists per mile traveled14.  The Federal Highway Administration has attempted to determine the 
number of cyclist and pedestrian injuries that occur outside of roadways15.  Their review of the 
literature found that between 13-50 percent of cycling and 25-40 percent of pedestrian injuries did not 
involve motor vehicles16.  One paper by Rodgers from 1995 found that 6 percent of bicycle injuries 
reported in emergency rooms occurred along paved trails17.  The Federal Highway Administration 
found a similar proportion, reporting that 5.6% of the pedestrian and bicycle injuries they examined 
occurred along paved trails18. 
What do these percentages reveal?  Are the numbers of cycling and pedestrian injuries such 
that six percent account for a sizeable community?  The answer to this question is an unequivocal 
affirmative.  The Federal Highway Administration estimated that in the three states of California, 
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North Carolina and New York, where it based the above mentioned study, there were 89,992 bicyclists 
treated at the emergency room or hospitalized annually and that 73,401 of these were due to bicycle 
only incidents19.  This report also states that these figures are probably underestimating the total 
number of bicyclists treated20.  If it is assumed that just six percent of these injuries occur along multi-
use trails, that means that 4,405 of these visits are due to injuries that occurred along multi-use paths.  
It should be noted as well that these figures are for only three of the fifty states, albeit including 
California and New York which are two of the most populous states.  Additionally, they are over a 
decade old and with the explosion of multi-use trail mileage it can be inferred that the percentage of 
crashes and injuries occurring along these routes has only increased.   
Another objection to the characterization of the injuries occurring in the context of the 
infrastructure of multi-use trails as a public health problem is that they are probably not severe.  Or, to 
put it another way- are the injuries that are represented in this percent severe enough to warrant our 
attention?  The most common kinds of injuries that occur to pedestrians in non-roadway settings 
include, starting with the most frequent: 1) fractures, 2) contusions and 3) sprains21.  For cyclists, the 
most common injuries in non-roadway settings include, starting with the most frequent: 1) lacerations, 
2) fractures and 3) sprains22.  It has been found that two percent of bicyclist visits to emergency 
departments from non-roadway crashes result in hospitalization23.  Though injuries such as contusions 
or lacerations may not sound severe on paper, it should be remembered that the cases where these 
kinds of wounds are referred to the emergency room are not minor.  For lacerations, individuals are 
recommended by the National Institutes of Health to seek medical attention if the bleeding is ‘severe, 
spurting or cannot be stopped after 10 minutes of pressure,’ if ‘there is impaired function or feeling,’ or 
if ‘an object or debris is embedded24.’  Many of these injuries are concurrent with other kinds of injury 
as well, and it should be kept in mind that in each case, the individual felt the need to seek medical 
attention, which is no small matter for the majority of the population, due to cost and time.   
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Now that the need for a public health examination of cyclist and pedestrian injuries in non-
roadway situations that do not involve motor-vehicles has been established, it remains to determine 
whether or not there is a need to study multi-use trails from a public health perspective.  Do they pose 
a special risk to their users?   
Literature Review 
Multi-use trails experience a number of cyclist and pedestrian injuries, but is this due to any 
particular factor of the multi-use trails themselves?  Is it not possible that these injuries are due to the 
hazardous nature of these kinds of transportation, and not to any attribute of multi-use trails 
themselves?  
There have been several fairly recent comparative studies of cycling injuries along different 
transportation corridors.  Two of these were surveys of Canadian commuters in Ottawa and Toronto 
conducted by Lisa Aultman-Hall and the third was a survey of members of the League of American 
Bicyclists.  All of these studies date from the mid to late 1990s.   
The survey of the League of American Bicyclists was conducted in 199625.  It involved 
surveying 20% of the league’s members to determine cycling habits and collision patterns.  The 
response rate was 51% and the researcher examined demographics, cycling habits and injury patterns 
of the respondents.  The cyclists in this survey reported cycling for recreational, commuting and 
athletic training purposes.  They were overwhelmingly male because of bias in the crafting of the 
survey, which asked that only the member of the household who rode the most miles a year by bicycle 
complete it.  This study used unorthodox methods of analyzing results; there are no measures of 
statistical significance and it reported a ‘facility relative danger index’ (RDI), which is a measure 
arrived at by dividing the fraction of crashes in a particular kind of transportation corridor by the 
fraction of distance that was reported to have been ridden along that corridor26.   
Charles Opalak 
3/14/2011 
 
9 
 
The results that are worth recapitulating include: the finding that only 28% of crashes were 
reported to the police, that women had a higher fraction of crashes than men- that is they had more 
crashes for mile ridden- and that the most frequent activity at the time of the crash was recreational 
cycling27.  Exposure was measured by asking respondents to report total number of miles ridden each 
month for each specific purpose and then to estimate of percentage of rides that occur on each kind of 
cycling facility.  These included major roads with and without cycling lanes, minor roads, multi-use 
trails, unpaved trails and sidewalks.  The RDI for multi-use paths is given as 1.39, which makes multi-
use paths the third most dangerous venue for cyclists in this paper28.  Both unpaved paths (RDI=4.49) 
and sidewalks (RDI=16.34) have higher relative risks29.  Additionally, the author looks back at a 1974 
survey of the League of American Bicyclists and sees that the RDI for multi-use trails was then found 
to be 2.7130.   
There are severe limitations with this 1996 paper.  It does not use any sort of statistical test of 
significance of its results (i.e. t-tests, chi-square, ANOVA), which makes its reported findings open to 
a wide latitude of interpretation.  Additionally, it surveys a particular population (i.e. those that belong 
to a bicycling association) and the response rate is not spectacular.  It has been surmised that 
individuals are more likely to respond to surveys if they have sustained injury, so the estimate of 
exposure to each kind of facility might be open to bias.  The estimate of exposure is subject to 
additional bias because it depends on the estimates of the respondents about their own past behavior.  It 
is also strange that the author used the RDI to report relative risk because it appears that the number of 
crashes and the number of miles were available and therefore an incidence rate could be calculated for 
each traffic corridor and these could have been compared to each other. 
In 1998, Lisa Aultman-Hall began a series of surveys of commuting cyclists that sought to 
characterize the risks posed by different traffic infrastructure.  In this first paper, she examined bicycle 
commuters in Ottawa-Carleton, distributing 3053 surveys on bicycle handlebars throughout the metro 
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area31.  Cyclists were asked to report on collisions, falls and injuries sustained while commuting and 
given maps on which to trace their commuting routes.  The drawn routes were then used to estimate 
exposure.  This study also asked about demographic factors and general cycling habits.   
In this study, a statistically significant relative risk was seen when comparing multi-use trails 
with roads for both falls and injuries.  The relative risk for falls was 2.1 with a confidence interval of 
1.6-2.8 and for injuries it was 1.6 with a confidence interval of 1.2-2.232.  This study also discusses the 
disparity between injury rates seen among cyclists and motorists; the Ontario Ministry of 
Transportation reports 3.1 motor vehicle accidents per one million miles travelled, while cyclists in this 
study reported a 127 collisions or falls for one million miles travelled33.  This is a striking difference, 
and reminds us of the importance of preventing cycling injuries.  In terms of age, this study reports that 
those under 30 are more likely to be involved in falls and injuries, and the same holds true when 
respondents’ ages were re-categorized as 40 or older vs. younger34.   
In a 1999 survey of Toronto bicycle commuters, Lisa Aultman-Hall largely copied the 
techniques that she used above and examined injury rates along sidewalks, multi-use paths and 
roadways.  One slight change involved asking for estimated speeds of travel. 
This paper also found that sidewalks were the most dangerous venue and roadways the least 
dangerous35.  The relative risk for collisions along a multi-use trail compared to a roadway was 
statistically significant and reported as 3.5 with a 95% confidence interval ranging from 3.4 to 3.7.  
The risk of injury was also statistically significant with a relative risk of 1.8 and a confidence interval 
of 1.7 to 1.9.  The risk of falls was not found to be statistically significant, however.  It is also 
interesting to note that this study found that cyclists under thirty reported significantly higher fall and 
injury rates on sidewalks and paths but not on roadways36. 
These last two papers share the same limitations.  They are only surveying commuters, so 
recreational and athletic cycling habits and injury patterns were not examined.  The Ottawa survey 
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received a 52% response rate, while the Toronto survey had a 45% response rate; these are not high 
and suggest some respondent bias.  These studies are subject to recall bias, both in outcome reporting 
and exposure estimation.  These two papers also frankly admit that they will miss more severe injuries 
and fatalities because those individuals will not be picking surveys out of their bike handlebars due to 
death or having given up riding.  Finally, the covariates that were associated with both traffic 
infrastructure exposure and injury rate were: whether or not the respondents used the left lane to make 
left turns on roadways, whether or not the respondent belonged to a cycling club or had taken a cycling 
course, whether or not they avoided busy streets and how many miles they traveled per week.  Those 
who made left turns had more on-road and less sidewalk exposure, those who avoided busy streets had 
more off-road exposure and less on-road exposure, those who belonged to cycling clubs and took 
courses had lower sidewalk exposure and those who traveled the least kilometers per week had more 
road exposure and more sidewalk exposure.  These covariates are noted because in the current study it 
has not been possible to control for them and future researchers in this area should take note of their 
importance as they pursue alternative transportation research in the future. 
The Mount Vernon Trail 
The Mount Vernon Trail (MVT) at the George Washington Memorial Parkway (GWMP) is 
uniquely suited to providing insight into multi-use transportation corridors as it is one of the oldest 
(built in 1973) and most heavily used such paths in the nation.  It is 18 miles long and runs parallel to 
the Potomac River between Arlington, Virginia and George Washington’s Mount Vernon Estate.  
Along most of its length, the Mount Vernon Trail is nine feet wide, though it has narrower and wider 
sections37. 
The MVT has several different sections that allow an analysis of the different factors that might 
affect multi-use trail users.  The southern-most section from mile marker 0 to mile marker 8 is heavily-
wooded and windy, and largely suburban.  Then the trail passes through the municipality of Alexandria 
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where cyclists are occasionally put alongside streets and there is a large volume of tourist and shopping 
foot traffic.  Then, from mile marker 11 -18, the trail runs between the Potomac River and the GWMP 
itself.  This section is used by individuals from the Pentagon, from Arlington and coming across the 
river from Washington, DC and though it is mostly flat and open it is heavily trafficked. 
Currently there are serious traumas occurring on a weekly basis on the MVT.    Serious traumas 
are those that result in the dispatch of an ambulance and can involve lengthy hospital stays (the longest 
hospital stay of a respondent in the injury database is 9 days).  The National Park Service began to 
address this problem in the summer of 2006, but this study was initiated at their behest in an attempt to 
gain a complete picture of the risks encountered by visitors in order to target preventative activities. 
Multi-use Trail Design Standards 
The National Park Service (NPS) is a federal agency whose mission is: 
"...to promote and regulate the use of the...national parks...which purpose is to conserve the scenery 
and the natural and historic objects and the wild life therein and to provide for the enjoyment of the 
same in such manner and by such means as will leave them unimpaired for the enjoyment of future 
generations38." 
As such, it is the primary custodian of trails within the designated boundaries of existing national park 
land.  Yet, the NPS has no formal guidelines dictating proper trail design standards39.    
Examining various proposals for multi-use trails in parks across the nation is illustrative of this 
lack of standardization.  In a trail network proposal drafted for the community of Sisters, Oregon with 
advice and funding from the NPS, it states the heavily-used two-way multi-use paths should be eight 
feet wide40.  In contrast, the NPS’ plan for a multi-use trail at the Roosevelt-Vanderbilt National 
Historic Sites calls for a ten-foot wide trail41.  Additionally, neither of these documents contains 
specifications for sight distance or shoulder width.   
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Currently, there are national recommendations for trail design established by AASHTO.  These 
are detailed, and specify that trails should be 10 feet wide and have two feet of clearance for their 
shoulders42.  Additionally, AASHTO provides the equations necessary for determining sight-stopping 
distance, which is the distance over which a cyclist traveling at a given speed needs to react and then 
completely stop43.  Along the MVT, the speed limit is 15 miles per hour and therefore, the sight-
stopping distance is 85.05 feet (for calculations see Appendix A).  The AASHTO guidelines 
recommend that “lateral clearances on horizontal curves should be calculated based on the sum of the 
sight-stopping distances for bicyclists traveling in opposite directions around the curve44.”  Essentially, 
each cyclist needs to have eighty-five feet to stop, so if there are two travelling in opposite directions 
they need one-hundred seventy feet total. 
The final relevant design aspect specified by AASHTO is that a bridge should be 14 feet wide 
and that the railings should be 3.5 feet high at least45.   
Specific Aims 
 This study seeks to identify the particular factors associated with multi-use trails that may result 
in the elevated risks posed to users of these corridors as observed in the literature above.  Specifically, 
this study will: 
- Test the hypothesis of whether or not higher congestion is associated with higher accident rates 
- Test the hypothesis of whether or not the male gender is associated with higher accident rates 
- Test the hypothesis of whether or not cycling is associated with higher accident rates 
- Test the hypothesis of whether or not trail intersections are associated with higher accident 
rates 
- Test the hypothesis of whether or not roadway crossings are associated with higher accident 
rates 
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- Test the hypothesis of whether or not surface transitions are associated with higher accident 
rates 
- Test the hypothesis of whether or not lack of clearance along the side of the trail is associated 
with higher accident rates 
- Test the hypothesis of whether or not blind curves are associated with higher accident rates 
- Demarcate the different sections of trail according to geographic at-risk location identification 
protocol identified below. 
- Make evidence-based recommendations for engineering solutions 
- Make evidence-based recommendations to increase the effectiveness of educational outreach 
Hypotheses 
In attempting to determine why multi-use trails are continuously reported to pose risks to 
cyclists, as well as in an attempt to discover whether or not these risks are prevalent among the 
pedestrian population, several hypotheses will be tested in this study.  This will be a tri-part 
investigation on which if any particular traits of a multi-use trail contributes to these higher rates.  In 
designing the study, the following questions have been asked: is it the physical aspects of the trail (e.g. 
curves, etc), the demographic characteristics of the users or the popularity (i.e. congestion) of the trail, 
a combination of or none of these factors which are causing the observed risk ratios in the literature? 
The first part of this investigation will seek to determine whether or not geographic factors are 
associated with crashes and injuries.  Particularly, analysis will be conducted on: blind curves, 
roadway crossings, intersections with other trails, surface transitions and sections without shoulders.  
These features have been identified along the trail in compliance with the protocol outlined below.   
The second area of investigation is the demographic portrait of trail users who are at risk for 
injury.  This will consist of an examination of whether or not there are significant differences in injury 
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rates between the genders and between the kinds of activity.  Differences in groups based on severity 
of injury will be examined as well. 
The final question is that of congestion.  Perhaps neither the physical infrastructure nor the 
users themselves are associated with risk; perhaps it is the sheer volume of traffic.   
Methods & Materials 
Outcome Data Collection 
Outcome data will be extracted from the Mount Vernon Trail Visitor Injury Database.  This 
database was compiled in 2010 by the master’s student when he was the Public Risk Management 
Program Intern at the George Washington Memorial Parkway.  Observations were collected from a 
variety of sources, principally the public safety organizations that respond to the trail.   
Injury data collection began with outreach to the second district of the United States Park 
Police.  This relationship was the easiest to establish and maintain because the second district United 
States Park Police and the National Park Service on the George Washington Memorial Parkway work 
closely on many matters.  This contact yielded data for 2009 and 2010, from all areas of the trail.  
Unfortunately, the park police are not notified of nor are they on scene for every incident that the local 
emergency medical services are involved in.   
Therefore, the master’s student reached out to the local fire departments.  This yielded data 
from the Fairfax County Fire and Rescue Department (reports from 2006-2010) and the Metro 
Washington Airports Authority (reports from 2008-2010).  The data for the City of Alexandria was 
gathered by contacting their Transportation and Environmental Services Department.  They had a list 
of injuries from police reports.  This data, however, lacks demographic variables and incident 
descriptions.   
Some injury observations have filtered in from NPS rangers and trail patrol volunteers.  In an 
effort to bolster this source of information, an incident reporting sheet has been developed for GWMP 
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staff and bike rover volunteers.  Finally, the Arlington Country Fire Department provided injury 
reports in March 2011 (2008-2010) that give a more complete picture of the northern end of the trail. 
Outcome Data Variables 
The observed incident reports that are contained within the database include some or all of the 
following variables: 
a. Date – from January of 2006 through December of 2010 
b. Day of the Week – Sunday, Monday, Tuesday, Wednesday, Thursday, Friday, Saturday 
c. Hour 
d. Age 
e. Sex – Male/Female 
f. Race – White, Hispanic, African-American or Asian-American, which are the observed 
races in the database 
g. Residence - by state or country 
h. Activity – Pedestrian-Walking, Pedestrian-Running, Pedestrian-Unknown, Cyclist, 
Other  
i. Cause of Injury – Fall, Collision, Exhaustion, Other 
j. Contributing Factor – Loss of Control, Unsuccessful Passing. Dehydration, Trail 
Geography, Trail Design, Trail Maintenance 
k. Incident Kind – Bike on Bike, Bike on Ped, Ped Only, Bike Only, Ped on Ped, Bike on 
Car, Ped on Car 
l. Location (Mile) – 0 (southmost)- 18 (northmost) 
m. Location (Specific) 
n. Location (General) – which breakdown will be discussed further below 
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o. Nature of Injury – head injury, fracture, abrasion, contusion, laceration, hyperthermia, 
hypothermia, cardiac arrest, dehydration, loss of consciousness, gastrointestinal 
problem, dislocation, allergic reaction 
p. Transported – Yes/No 
q. Month – January, February, March, April, May, June, July, August, September, 
October, November, December 
r. Age Group – <18, 18-25, 26-29, 30-39, 40-49, 50-59, 60-69, 70-79, 80-89 
s. Congestion (Categorical) – Low, Medium, High 
t. Mean Temperature (F) – ascertained using the weather reports from Ronald Reagan 
National Airport 
u. Precipitation – Yes/No - ascertained using the weather reports from Ronald Reagan 
National Airport 
v. Exposure to Geographical Risk Factor – which has been added to the database based on 
reports of where the incident occurred. 
i. Blind Curve – Yes/No 
ii. No Shoulders – Yes/No 
iii. Roadway Crossing – Yes/No 
iv. Trail Intersection – Yes/No 
v. Surface Transition – Yes/No 
Exposure Calculation 
Exposure will be calculated on a per capita basis.  Specifically, exposure will be calculated 
making certain extrapolations from the network of trip counters installed along the trail.  Until August 
2010, there were two reliable counters along the trail, one in the north and the other in the south46, near 
mile markers 12 and 0 respectively.  These counters do not discriminate between pedestrians and 
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cyclists, nor do they collect speed data; they simply count the number of times their infrared beam 
across the trail is broken.  Unfortunately, this is not the same as an estimate of number of users nor 
does it allow a direct estimation of this figure.  Further, until August 2010 the accuracy of these 
counters was about 70% as determined by manual trail count comparisons47. 
Several assumptions are necessary to move from a raw trip counts to an estimate of the number 
of total trips along the trail over the course of the study.  These assumptions have been discussed with 
park rangers familiar with the trail48 and among the researchers themselves to ensure their 
reasonableness.   
The first assumption is that trail use has been steady between 2006 and 2010.  The only 
objection to this assumption is that use spiked when gas prices reach four dollars a gallon, which 
happened in 2008.  This was for a limited amount of time, however, and is vanishingly small in the 
larger four year perspective of the study.   
The second assumption is that the northern counter at mile marker 12, near Daingerfield Island, 
captures one third of the trail use on the north end of the trail.  This is reasonable when we consider 
that users enter this section of the trail through three main areas: Rosslyn, Crystal City and Alexandria.  
This counter will capture the Alexandria entrance.  It will therefore be multiplied by a factor of three 
(in addition to the necessary correction coefficient) to reach a sum total of northern trail use.   
The third assumption is that the counter at Belle Haven Park can be used to represent all of the 
trail users in the southern section of the trail.  This is a reasonable assumption for several reasons.  In 
the first place, counts at Belle Haven Park are often artificially high because it is a trailhead with a 
parking lot and often captures park visitors who are not using the MVT but are crossing it.  One the 
other hand, it does not capture use in the extremely southern sections of the trail near the Mount 
Vernon Estate.  It is assumed that these two limitations balance one another.  Further, this counter was 
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not in working order until August of 2010, and therefore the counter at mile marker 0 will have to 
stand in its stead for the first part of the year. 
Henceforth, the preferred nomenclature of the park service will be used to refer to the two 
counters.  The northernmost counter near Daingerfield Marina will be referred to as the northern proxy 
counter and the southernmost counter near Belle Haven Park will be referred to as the southern proxy 
counter49.  Proxy is incorporated into this nomenclature because each counter is being used to stand in 
for a whole section of trail.   
Calculating Exposure for each Hypothesis 
Therefore, denominator data will be calculated for our demographic analysis by adding the 
yearly count from Belle Haven Park in 2010 to three times the yearly count from Daingerfield Island in 
2010; after applying the correction coefficient to both counters (for calculation of correction 
coefficient, see Appendix B) for January through July.  This will give a total number of trips along the 
length of the trail.  Then, the demographics of gender and activity that have been calculated by the 
Arlington County Bicycle and Pedestrian Coordinator and the National Park Service will be transposed 
to determine how many of these trips were by each gender and activity.   
For each counter, the closest demographic counts will be pooled into an aggregate estimate 
which will be applied to the trip data garnered from that counter.  These will be summarized in 
appendices C and D.   
To calculate exposure to geographic risk factors, the total number of feet of the trail that 
constitute each of these risk factors will be ascertained.  For instance, for a blind curve, which is 
essentially a point, there will be 170 feet of exposure.  A surface transition to a wooden bridge will 
include the length of the bridge and 85 feet before and after.  There will be two calculations in regard 
to geographic exposure, the first reference for these calculations will be feet of trail that do not 
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constitute this particular risk factor and the second reference will be feet of trail that do not include any 
geographic risk factors. 
Calculation of congestion exposure will be done by looking at hourly data (which only exists 
for 2010, so the analysis will be confined to injuries that occurred in 2010 for this hypothesis).  For 
each injury, a code will be assigned based on the hourly trip count at the nearest counter.  The hourly 
rates prior to August 2010 will be transformed using the coefficient estimate below in Appendix B.  
These codes will be: low for less than 100 trips an hour, medium for 101 – 300 trips an hour, high for 
any hours exceeding 300 trips.  The exposure will be the number of trips taken in the hours falling into 
each category. 
Testing differences among injuries by severity and activity 
Analysis will begin with a comparison among the injuries themselves.  A comparison of the 
characteristics of the severely vs. the non-severely injured groups will be conducted.  Severely injured 
individuals are those who were transported to the hospital and non-severely injured individuals are 
those who were not transported to the hospital.  This analysis will examine if there are significant 
differences in the following variables: gender, age, age group, race, activity kind, incident kind, month, 
day of the week, time of day, precipitation and temperature.  Since these analyses involve two groups, 
t-tests will be employed for continuous variables and contingency table chi-square tests for categorical 
variables.   
Testing congestion 
For congestion we will compare high and medium congestion to low congestion.  For each 
category there will be the number of injuries that occurred during that period of congestion and then 
the number of trips that occurred during each kind of period of congestion will be calculated using 
either the northern or southern proxy counter.  The number of trips that occurred during each kind of 
period of congestion will constitute the exposure.  Contingency table chi-square testing will be used to 
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detect significant difference.  If no significant differences are found between these three categories, the 
high and medium groups will be combined and compared to the low group and the analysis will be 
performed again.  
Testing gender 
The male gender will be considered exposed.  Percentages of trips and percentages of crashes 
that each gender is involved in will be calculated.  A contingency table chi-square test will be used to 
calculate whether or not the frequency of by gender of injuries matches the frequency of gender by 
uninjured from the population distribution by gender along the trail.  The measure of incidence in this 
hypothesis will be injuries per trips for each gender.   The incidences of the two genders will be 
compared to calculate a relative risk.   
Testing activity 
Activity will be broken down into 5 categories: cycling, pedestrian/walking, 
pedestrian/running, pedestrian/unknown, other.  The testing will proceed in the same manner as gender 
above, that is, percentages of crashes that each activity are involved in will be compared to percentage 
of trips that are made by each mode using chi-square testing to test for significant differences.   
Testing geographic factors 
Every at-risk location will be entered as a variable in the dataset (surface transition, roadway 
crossing, trail intersection, no shoulders and blind curve).  For each accident, a binary (0=no, 1=yes) 
response will be provided for each possible feature.  There are 134 observations in the database for 
which location can be estimated to within a 170 feet of accuracy (this figure was chosen because this is 
the distance associated with a point geographic risk factor such as a blind curve), and only these will 
be included in this analysis.  Additionally, it should be noted that certain crashes (such as a bike on 
bike) will be considered as a single observation in this geographic analysis whereas they are separated 
for other analyses by individual characteristics. Analysis for each factor will be conducted separately, 
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comparing number of incidents associated with each individual factor to the incidents not associated 
with that particular factor.  For instance, each incident that occurred within the exposure ‘zone’ of a 
blind curve will be compared to all those that did not even if the incidents that occurred within the 
exposure ‘zone’ of the blind curve also occurred within the exposure ‘zone’ of another, different 
geographic risk factor, and the comparison incidents may be associated with other geographic factors 
as long as they are not within the exposure ‘zone’ of a blind curve.  The denominator in each case will 
be the number of feet of exposure versus the number of feet of non-exposure.  This testing will be 
conducted by Poisson regression. 
Internal Validity of Geographic Factor Identification 
 In an effort to determine the validity of the methodology used to identify geographic risk 
factors, a NPS ranger was suborned to walk the trail with copies of the maps used by the investigator 
and instructed to identify blind curves.  This ranger generously donated his time, and after a briefing 
on the method of identification, walked a mile along the trail.  In that mile, the ranger identified 12 
blind curves, while the masters student identified 20.  Therefore, the internal validity of blind curve 
identification is 60%.  This distressingly low concordance may be due to changes in foliage or 
maintenance to some degree, but does demonstrate the subjective nature of the geographic risk factor 
identification as regards blind curves. 
Testing for confounding and interaction 
Temperature and precipitation will be included in the analysis as potential confounders.  Both 
temperature and precipitation will be classified categorically.  In the case of temperature it will be the 
mean temperature of the day and will fall into 10 degree groups (21-30, 31-40, 41-50, 51-60, 61-70, 
71-80, 81-90 and 91-100 degrees Fahrenheit); for precipitation we will use a simple yes/no 
classification.   
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An illustration of the use of these variables would be to see whether or not they are associated 
with the outcome, then to see whether they are associated with the predictor.  If they are, then they will 
be included in a multi-variate model to account for their effects.   
Regression Analysis 
Poisson Regression will be used to conduct multivariate analysis.  Usually Poisson regression is 
used with person-years as the denominator, but in this case trips per year will be substituted and will 
work equally well.  Categorical variables only will be used as predictor variables.  An offset with trips 
will be created to allow conversion between the count and the rate, which will enter the model with an 
automatic regression weight of 1. 
Note: All statistical analyses will be conducted using SAS software. 
Power Analysis 
 In considering the power of this study, differences of interest must be determined.  The 
comparisons among the incidents included among the database include a comparison of the severely 
versus the non-severely injured and cyclists versus pedestrians.  The severely injured group includes 
143 observations and the non-severely injured group includes 41 observations (there are 41 
observations where there status in this regard is unknown).  For the variables that for which 
contingency table chi-square tests are being conducted, gender is of particular interest.  It is estimated 
that women are involved in 37 percent of non-severe incidents and 30 percent of severe cases.  Given 
that this is a one-tailed test (because women compose a smaller number of severe and smaller number 
of pedestrian incidents) with an alpha of 0.05, the power of approximately 0.18 (see Appendix E).  The 
same test, with the same assumptions, comparing cyclists with pedestrians with women composing an 
estimated 30% of pedestrians and 35% of cyclists gives us a power of 0.11.   
 For the continuous variable age, which will be analyzed using a two-tailed t-test, assuming an 
alpha of 0.005, a difference of 5 years of age would be of interest for educational and other 
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interventions.  Given that there are 26 non-severely injured age observations and 103 severely injured 
age observations, the power will be 0.99 (see Appendix F).   
Results 
 
 The initial results from the analysis of the severely versus non-severely injured cases shows 
that the only significant difference between the two groups is the kind of injury (Table 1).  This 
demonstrates that severely injured cases, those who were transported to a hospital, are more likely to 
suffer from fractures and head injuries, whereas non-severely injured cases are more likely to sustain 
soft tissue wounds. 
 It is worth noting that incident kind nearly showed a significant difference between the two 
groups with a p-value of 0.06.  Severely injured cases were more likely to be involved in a bike only or 
a bicycle on bicycle incident.   
Table 1. Severe vs. non-severe injuries 
Covariates Severely Injured 
N           %              Mean(+/-SD) 
Non-severely injured 
N          %             Mean(SD) 
p-value 
Gender 
   Male 
   Female 
 
86        (66.15) 
44        (33.85)       
 
23        (62.16)       
14        (37.84) 
 
 
p=0.65 
 
Age  43.8yr  (14.93)                                41.4yr (15.39)                                       p=0.48 
 
Injury Kind 
   Dehydration 
   Fracture 
   Head Injury 
   Irregular Breathing 
   Pre-existing Condition 
   Soft Tissue 
   Missing 
 
6           (05.41) 
32         (28.83) 
29         (26.13) 
1           (00.90) 
10         (09.01) 
32         (28.83) 
1            (00.90) 
 
6          (20.00) 
2          (06.67) 
3          (10.00) 
0          (00.00) 
0          (00.00) 
15        (50.00) 
4          (00.00) 
 
 
 
 
 
 
 
p=<0.0001 
 
Activity Group  
  Cycling 
  Pedestrian 
  Other 
 
114   (83.21) 
18     (13.14) 
5        (3.65) 
 
27   (75.00) 
7     (19.44) 
2      (5.56) 
 
 
 
p=0.53 
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Day of the Week 
   Workday 
   Weekend 
 
73      (51.05) 
70      (48.95) 
 
16   (39.02) 
25   (60.98) 
 
 
p=0.17 
 
Month 
   January 
   February 
   March 
   April 
   May 
   June 
   July 
   August 
   September 
   October 
   November 
   December 
 
1        (0.70) 
2        (1.40) 
4        (2.8) 
16      (11.19) 
18      (12.59) 
18      (12.59) 
25      (17.48) 
21      (14.69) 
26      (18.18) 
6          (4.2) 
3          (2.1) 
3          (2.1) 
 
0      (00.00) 
1      (02.44) 
1      (02.44) 
1      (02.44) 
5      (12.20) 
4      (09.76) 
11    (26.83) 
9      (21.95) 
6       (14.63) 
0      (00.00) 
3       (07.32) 
0       (00.00) 
 
 
 
 
 
 
 
 
 
 
 
 
p=0.42 
 
Precipitation 0.11in (0.29) 0.04in (0.12) p=0.23 
 
Incident Kind 
   Bike Only 
   Ped Only 
   Bike on Bike 
   Bike on Ped 
   Car on Bike 
   Car on Ped 
   Other 
 
72         (60.00) 
12         (10.00) 
21         (17.50) 
10         (08.33) 
0            (00.00) 
1            (00.83) 
4            (03.33) 
 
13        (46.43) 
6           (21.43) 
4           (14.29) 
2           (07.14) 
2           (07.14) 
0           (00.00) 
1           (03.57) 
 
 
 
 
 
 
 
p=0.06 
 
 
Gender Results  
 Table 2 shows the contingency table chi-square analysis of the relation of gender to injury.  
There are significant differences in the distribution of gender in the injury as opposed to the non-
injured groups; women make up a greater percentage of the injured than non-injured groups. 
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Number (Row Percent) Table 2. Analysis of Injury by Gender 
p-value=0.0009 Female Male 
Injury 67 (36.1) 116 (63.39) 
No Injury 2623619 (25.87) 7516220 (74.12) 
 
Activity Results 
 Table 3 shows the distributions of activity in the injured and uninjured groups by.  Activity in 
this table includes other users, such as rollerbladers and swivel bikers.  There is a significant difference 
in the distribution of activity between the two groups and other and cycling make up a greater portion 
of observations in the injured group than in the uninjured group. 
Number (Row Percent) Table 3. Analysis of Injury (Yes/No) by Activity (including Other) 
p-value<0.0001 Cycling Other Pedestrian 
Injury 165 (80.49) 7 (3.41) 33 (16.10) 
No Injury 6964450 (68.68) 3950 (0.04) 3171439 (31.28) 
 
 In table 4, other activity was removed since it was possible that they were distorting the 
analysis as those users form such a small number of the actual users along the trail and a 
disproportionately large share of injuries.  However, the significant difference in activity proportions 
remains between the uninjured and injured groups even after these are removed.  As noted above, 
cyclists form a larger share of the injured than the uninjured trips. 
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Number (Row Percent) Table 4. Injury (Yes/No) by Activity (without Other) 
p-value<0.0001 Cycling Pedestrian 
Injury 165 (83.33) 33 (16.67) 
No Injury 6964450 (68.71) 3171439 (31.29) 
 
Congestion Results 
 The contingency table chi-square analysis shows that there is no significant difference between 
the three groups of different congestion.  There are, however, a higher percentage of low and high 
congestion among the injured than the uninjured, as can be seen in table 5.  This analysis was 
hampered by the lower sample size, since only injuries from 2010 could be associated with congestion 
levels.     
Number (Row Percent) Table 5.  Injury (Yes/No) by Congestion (Low/Medium/High) 
p-value = 0.672 Low Medium High 
Injury 18 (29.03) 25 (40.32) 19 (30.65) 
No Injury 583841 (26.47) 1013589 (45.96) 607967 (25.57) 
 
Temperature and Precipitation 
 It was suggested that temperature and precipitation might act as confounding factors and this 
was investigated by examining whether or not they were associated with injury.  Temperature was 
associated but precipitation was not.  Since temperature was associated with the outcome; chi-square 
testing was conducted to determine whether or not it was associated with activity or gender, which is 
the second criterion for confounding.  Temperature was associated with activity but not with gender.  
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Therefore, it was decided to include temperature in the multi-variate analysis to control for its potential 
confounding 
Poisson Regression Analysis 
 The regression analysis began with an examination of the association between injury and 
gender and activity independently.   The multivariate regression model was then created with injury 
as the dependent variable and gender, activity and temperature as the predictor variables.  Female 
gender and pedestrian activity served as the reference groups for their respective variables.  The risk 
ratios obtained by these analyses are found in Table 6 below. 
Table 6. Unadjusted and adjusted risk ratios for gender, activity, and temperature 
Variable Unadjusted Risk Ratio (95% CI) Adjusted Risk Ratio (95% 
CI)* 
Gender - Male 0.61 (0.45-0.82)** 0.87 (0.45-1.67) 
Cycling 2.27 (1.56-3.30)*** 1.79 (0.87-3.63) 
Other 179.1 (79-405)*** 143.59 (31.19-655.50)*** 
Temperature (10 degree intervals) n/a 1.44 (1.14-1.83)** 
*multivariate model including gender, activity and temperature, **p-value<0.05, ***p-value<0.01 
 Table 6 demonstrates that the unadjusted association between gender and injury is significant 
and that the male gender is protective.  Cycling and other activities are also significant in the 
unadjusted analysis, both of these activities put trail users at higher risk than pedestrian activity does, 
though other activity has a very large risk ratio, which suggests that it is considerably riskier than any 
other activity.  In the full multivariate model, the significant association between gender and injury as 
well as between cycling and injury disappears.  Other activities, however, continues to put those who 
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fall into this category at considerable risk for injury and temperature is also significantly associated 
with injury.  For every ten degree rise in temperature, there is a commensurate 44% higher percentage 
of getting injured according to these results. 
Geographic Risk Factor Results 
The risk ratios for the geographic at-risk locations shown in the first column of Table 7 below 
are calculated with reference to feet of the trail that does not include that particular risk factor (though 
other factors are included).  This first set of calculations demonstrate that trail intersections, roadway 
crossings and surface transitions are associated with higher incidences of injury.  Surprisingly, sections 
with no shoulders appear protective for trail users.  Sections with no shoulders are largely concentrated 
on the less trafficked sections of the trail in the far south, which may account for this finding.  Perhaps 
users are more careful on sections with no shoulders, too.  Another surprising result is that blind curves 
along the trail are not associated with higher incidences of injuries. 
Table 7. Geographic Factor Risk Ratios 
 Full Trail Reference Risk Ratios 
(95% Confidence Interval) 
Reference to Unexposed Risk 
Ratios (95% Confidence Interval) 
Blind Curves          1.06 (0.68-1.67) 2.69 (1.58-4.58) 
Sections with No Shoulders          0.29 (0.15-0.58) 0.86 (0.41-1.81) 
Trail Intersections          2.09 (1.13-3.88) 5.13 (2.59-10.15) 
Roadway Crossings          3.33 (2.32-4.77) 6.63 (4.22-10.44) 
Surface Transitions          3.27 (2.26-4.72) 6.65 (4.19-10.56) 
*Adjusted for all other geographic factors 
 When the geographic factors are modeled together using only incidents that occurred along 
sections of the trail without any geographic factors, with denominator as the number of feet without 
any geographic factor exposure, the associations between most of the exposures and injury become 
stronger.  Blind curves are no longer insignificant, they appear to pose risk to users, and the magnitude 
of the risk posed by trail intersections, roadway crossings and surface transitions grows considerably.  
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No shoulders are no longer protective, but become insignificant, which suggests that the analysis did 
not have enough power to ascertain the true effect of these sections.  Additionally, it should be noted 
that sections with no shoulders often include other geographic factors such as surface transitions and 
blind curves and this may have obscured their true risk. 
Discussion 
Overview 
 The results of this investigation are that certain individual characteristics and geographic 
factors may provide a partial explanation of the risk posed to users of multi-use trails.  Specifically, 
this analysis has identified other activities, such as rollerblading, as posing a markedly elevated risk.  
Additionally, roadway crossings, surface transitions, trail intersections and blind curves are associated 
with higher crash and injury rates. 
 What are the explanations for these findings?  Other activities may pose great risk to those who 
engage in them because of their nature; rollerblading, for example, requires a wide left-right movement 
in order to achieve forward momentum.  This movement often causes rollerbladers to extend 
themselves across the middle of the path on what is a two-way trail, where, additionally, cyclists may 
be attempting to pass in the same direction but in this opposing lane.  This same phenomenon is 
encountered with swivel bikes.  Another possible reason for this finding is that these groups have not 
yet adopted standards of trail etiquette, such as are prevalent among habitual cyclists and pedestrians.   
 Among the geographic factors, each one has unique characteristics that result in risk to users.  
Roadway crossings often require users to stop, which cyclists and other users often try to avoid due to 
comfort and momentum.  These crossings also require users to interface with motorized traffic, which 
is alien to the experience of a multi-use trails, and there is often uncertainty on the part of both 
motorists and multi-use trail users as to who has right-of-way.   
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 Trail intersections feed traffic onto and out of the trail unlike roadway crossings and it appears 
that merging creates difficulty for users.  This may be due to the unexpected appearance of an 
intersection during a ride or walk or due to the design of the intersections themselves, which can create 
conflict by funneling incoming or exiting traffic across opposing lanes.  Traffic circles have been 
adopted in some areas to address these concerns and are becoming more popular, with one planned 
along the Mount Vernon Trail and another in the Cydwyd Heritage Trail near Philadelphia50.   
 Blind curves obscure the ability of trail users to gauge the changing environment they will be 
moving into.  This in turn gives them less time to react and modify their behavior to adjust for any 
obstacles.  The final analysis showed that this increases risk for users, though less than all the other 
geographic factors except for areas with no shoulders.  Perhaps this finding, as well as the lack of 
significant association between areas with no shoulders and injuries, is due to caution exercised by 
users when they encounter these conditions.  It should be noted that studies of traffic have shown that 
drivers who look further ahead along their route are less likely to be involved in crashes51. 
 Surface transitions, on the other hand, are shown here to pose strongly elevated risks to users.  
This may be due to the nature of the surface transition, as these are often a transition from a paved 
surface to a wooden one.  Wooden surfaces are more slippery when wet than paved ones, especially as 
the wood ages.  Additionally, these transitions are usually accompanied by changes in the level of the 
trail, resulting in a bump that may dispose cyclists and other users to fall. 
Recommendations 
 What can transportation planners and trail managers do to reduce the elevated risk of injuries 
along multi-use trails?  The classic approach to prevention is threefold: it includes education, 
enforcement and engineering52.  Insofar as education as concerned, trail managers should be 
encouraged to conduct outreach activities to the users along the trail itself and to the organizations that 
represent users, such as local cycling or running groups.   
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 Educational outreach can include many elements.  Educational materials on trail etiquette can 
be accompanied by safety materials, such as bike bells and reflective gear.  The distribution of these 
materials should be conducted in a manner that allows the maximum interface between trail managers 
and at-risk users.  Since cyclists and other activity users are among those at an elevated risk, effort 
should be made to identify the times of day and times of year when the peak number of these kinds of 
users are on the trail and can be contacted.  Individuals conducting trail outreach events should also 
remember that they can not only teach users about reducing their risk but can themselves learn from 
users of the trail.  This interface can lead to a better understanding of the problems trail users face, can 
act as an informal public health surveillance system and can help identify new areas of concern.   
 In the context of this paper, it is difficult to make recommendations about enforcement as a 
preventative tool.  One of the main concerns of enforcement in a traffic setting is whether or not users 
are speeding, which was impossible to address with the materials available.  This warrants further 
study in the future.  On the other hand, roadway crossings are ripe for elevated enforcement, since they 
pose risks to users, intersect with motorized traffic policing, which most enforcement agencies are 
familiar with, and because they are governed by firmly established laws.  Often cyclists will ignore 
stop signs at roadway crossings and it would be a boon to safety along trails if this was prevented 
insofar as possible.   
 Engineering is the third strategy available to prevent user injuries.  The findings from the 
geographic factor analysis conducted in this study are particularly germane in this regard.  Roadway 
crossings should be avoided or circumvented whenever possible.  This can include bridges over 
roadways, which should always be considered.  Bridges and other sections where surface transitions 
can occur should be paved and level with the trail, too.  Trail intersections should be given more 
consideration in the future, as well.  These are critical junctions, where user conflict can readily occur, 
and traffic circles of lengthy merges are possible solutions to these problems.  Finally, blind curves 
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should be avoided, either through removal of trees or other obstacles so that users can have clear sight 
lines, or through an alternate route for the trail. 
Strengths 
 This paper is the first to apply epidemiological techniques to the study of risk and protective 
factors along multi-use trails.  Despite previous evidence that these trails pose elevated risk to their 
users, no one has sought to identify why this might be.  Another strength of this study is its ability to 
survey the trail on foot to identify geographic factors first hand with the aid of extremely detailed maps 
(150ft: 1inch) provided by the GWMP’s Geographic Information Systems unit.   
 The database of incidents and injuries that was compiled by the master’s student was a 
particular strength of this study.  Several officials from Federal and local government agencies have 
confided that this is the most extensive multi-use trail injury database they have ever seen53.  Further, 
the database was able to include an extensive set of variables, which allow the undertaking of analyses 
of many different factors that might be creating risks for MVT users.  The fairly extensive manual 
counts provided by Federal, State and local government agencies was another boon, as it allowed a 
comprehensive demographic picture of trail users to be drawn and created a benchmark with which to 
calibrate the counters along the trail. 
Limitations 
 There are several limitations to this study.  The first lies in the fact that the database largely 
only includes injuries that required the response of a public safety agency, which are probably the most 
severe.  There are undoubtedly many more incidents and injuries along the trail54.  In the 1930s, the 
pioneering industrial hygienist, H.W. Heinrich found that for every serious injury in the workplace, 
there were 29 minor incidents and 300 ‘near-miss’ incidents.  There has been some debate over the 
years about whether or not this finding could be applied to environmental injury situations, but in 
2006, a study of drivers found that for every serious crash, there were 11 minor injury crashes and 120 
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incidents, which involved scratches and ‘fender-benders55.’  Therefore, it is highly probable that there 
are at least 2000 injuries and crashes that occurred during the time of the study that were not included 
in the analysis.  Injuries and crashes that merit a response may also be of a particular kind and may 
bias the study. 
 Additionally, the manner in which public safety agencies code the location of their responses 
has been developed in the context of motorized traffic, and thus relies on location addresses.  Since the 
trail itself does not have addresses, this means that it can be difficult to extract the proper incidents 
from the databases at these agencies.  There were probably injuries that were overlooked due to this 
shortcoming.  Trail managers should be encouraged to develop systems of addresses for their trails and 
disseminate these to the public safety agencies that respond to injuries along the trail in order to 
facilitate future surveillance. 
 Future alternative transportation studies may seek to use public safety response reports in order 
to identify their cases, but in addition to the difficulties mentioned above, these reports can be limited 
in the information they contain.  For instance, only 134 of the injuries in this database had enough 
detail for the authors to be able to put them within 85 feet of the injury location along the trail.  If they 
are unable to institute the adoption of addresses along the trail, trail managers considering injury 
surveillance should encourage responding public health agencies to be very detailed in their incident 
reports as to location and how the incident occurred.    
 The calculation of exposure was another area of limitation.  As presented above, this relied 
largely on infrared counters that were inaccurate.  Therefore, several assumptions had to be applied and 
use of the measure of incidents per miles traveled was limited, which is the gold standard56.  It also 
meant that the researchers were unable to differentiate between the different purposes that brought trail 
users out, which has previously been shown to be linked with injury rates57.    
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 In regard to the calculation of exposure, the investigators involved in this research have debated 
whether or not miles traveled is the best measure to use in regard to alternative transportation studies.  
Since there are different modalities of travel along these trails, their exposure may differ, as opposed to 
motorized traffic studies where the modality is constant.  For instance, if a pedestrian goes six miles on 
the trail jogging, it will probably take an hour, whereas if a cyclist cover six miles it could be in half 
that time or less.  Should their exposures be assumed to be identical in this case?  Future studies need 
to consider this question and how to address it. 
Conclusion 
 Alternative transportation is an exciting field for public health.  It has large health benefits for 
populations in terms of fitness as well as reducing the number and severity of transportation-related 
deaths and injuries, as the overwhelming majority of these are due to automobiles. Further, there has 
been little research in this field, which is both exciting and disconcerting.  This means that there are 
many opportunities for ground-breaking research, but also that engineers, planners and managers are 
moving forward blindly, without evidence upon which to base their decisions. 
 Future studies can benefit from the limitations of this current one.  Perhaps a better method of 
case identification can be devised or a method of exposure calculation could be pioneered.   
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Appendix A: Calculating Sight-Stopping Distance on the MVT using AASHTO formula 
S = (V^2) / (30(f +/- G)) + (V*3.67) 
S – sight-stopping distance (ft) 
V – velocity (mph) (use V = 15mph) 
f = coefficient of friction (use 0.25) 
G = grade (ft/ft) (rise/run) (use 0 for a horizontal path) 
S = (15^2) / (30 (0.25)) + (15*3.67) 
S = 225/7.5 + 55.05 
S = 85.05 ft  
Appendix B: Calculation of correction coefficient for counters prior to August 2010 
Manual counts were conducted over a two-hour period and then 
compared with infrared counter tally from that same two-hour period. 
 % Accurate 
   
Manual Count  828  
Infrared Count 560 0.676329 
   
Manual Count  277  
Infrared Count 173 0.624549 
   
Manual Count  162  
Infrared Count 107 0.660494 
   
Manual Count  159  
Infrared Count 119 0.748428 
   
Manual Count  139  
Infrared Count 99 0.71223 
   
Manual Count  69  
Infrared Count 55 0.797101 
   
Correction Coefficient (average of each two hourly count)  0.703188 
 
Appendix C: Demographics for Northern Proxy Counter (from Arlington County 2010 Manual Counts) 
Bike Percentage = 70% 
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 Male Bike Percentage = 83% 
 Female Bike Percentage =17% 
Pedestrian Percentage = 30% 
 Male Pedestrian Percentage = 54% 
 Female Pedestrian Percentage = 46%  
Other Percentage = 0.05% 
 Male Other Percentage = 75% 
 Female Other Percentage = 25% 
Appendix D: Demographics for Southern Proxy Counter (from NPS Manual 2009 Counts) 
 
Bike  Ped 
10-Oct 39 141 
12-Sep 326 89 
10-Sep 47 35 
 
412 265 
   Bike Percentage = 61% 
 Bike Male Percentage = 82% 
 Bike Female Percentage = 18% 
Pedestrian Percentage = 39% 
 Pedestrian Male Percentage  = 68% 
 Pedestrian Female Percentage = 32% 
Appendix E: Calculation of power for gender differences for severely vs. non-severely injured 
Chi-square for proportions with un-equal numbers in 2 groups compared 
 
  
     
        1 or 2 tails 
 
Z 
     
 
1 
  
n-harmonic per group 59.0045 
Calculation Steps Alpha = 
      
 
0.05 1.645 
 
Round 
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Beta = 
       
 
0.8 -0.842 
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proportion yes in 
group 1 
    
Larger n 150 
 
0.37 
      proportion yes in 
group 2 
   
You entered power =  20 
 
 
0.3 
      Average proportion 
       
 
0.335 
      Ratio of N's (> 1) 
      
Back 
 
4 
      N-harmonic x n1 
       n2/N-harmonic 1.6 
      
         
Appendix F: Power calculation for age for severly versus non-severely injuried 
  
Z 
     1 or 2 tails 2 
      
        
Alpha = 0.001 3.291 
 
Initial n-harmonic per group 
=  41.1007205 
STEPS in 
CALCULATION 
       Beta = 0.00001 4.265 
 
Rounded up 
 
42 
       
Mean dif 5 
  
Final n-harmonic, with
adjustments 43 
        SD 3 
   
Smaller n 27 
USE THESE 
      
  
d 1.666667 
   
Larger n 108 
        Ratio of N's (> 1) 4 
  
You entered power =  99.999 
 
        N-harmonic x n1 1.6 
     
Back 
n2/N-harmonic 2.5 
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